Nitrate--Urea interrelationships in Sheep by Hoar, Donald Wayne
South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange
Electronic Theses and Dissertations
1967
Nitrate--Urea interrelationships in Sheep
Donald Wayne Hoar
Follow this and additional works at: https://openprairie.sdstate.edu/etd
This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research Access Institutional Repository and
Information Exchange. It has been accepted for inclusion in Electronic Theses and Dissertations by an authorized administrator of Open PRAIRIE:
Open Public Research Access Institutional Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu.
Recommended Citation
Hoar, Donald Wayne, "Nitrate--Urea interrelationships in Sheep" (1967). Electronic Theses and Dissertations. 3305.
https://openprairie.sdstate.edu/etd/3305
.··: 
NITRATE--UREA INTERRELATIONSHIPS 
·rN SHEEP 
BY 
DONALD WAYNE HOAR 
A thesis submitted 
in partial fulfillment of the requirements for the 
degree Master of Science, Major in 
Animal Science, South Dakota 
State University 
1967 
SOUTH DAKOTA STATE U JVERSITY LIBRARY 
NITRATE--UREA INTERRELATIONSHIPS 
IN SHEEP 
This thesis is approved as a creditable and independent 
investiga.t,ion by a candidate for .the degree, Master of Science, 
and is acceptable a� meeting the thesis requirements for this 
degree, but without implying that the conclusions reached by the 
candidate are necessarily the conclusions of the major department. 
JJ'fesis Adviser Date 
VHe'r'J; Anfu�1 Science Department , Date 
C 
ACKNOWLEOOMENTS 
· The author wishes to express his sincere appr,ecia.tion to Dr. R. 
J. :Emerick, Professor of Station· Biochemistry. and Dr.  L. B. Emb_ry, 
Professor of Ammal Science, for their guidance and advice during 
this study and for their most helpful suggestions and criticisms 
during the preparation of this thesis. 
Acknowledgments are also due to my fellow graduate students and 
Dr. W. L. Tucker, Station Statistician, for their assistance and 
cooperation in the various phases of this study. 
Sincere appreciation is also. expressed to Doris, ·wife of the 
author, for her encouragement and assistance throughout this study and 
to Mrs. Pat Dooley for the final typing of the material. 
DWH 
TABLE ·oF CONTENTS 
INTRODUCTION. . . . . . . . . . . . . . . . . •. 
Page 
1 
2 
3 
5 
6 
LITERATURE REVIEW 
Nitrate content of plants • • • •  
Symptoms of nitrate toxicity' • •  
. . . . . . . . . . . 
The effects of nitrates on performance of animals. 
The effects of nitrates on pituitary and thyroid glands. • 8 
The effects of nitrates on vitamin A and carotene. 9 
utilization of nitrate as a _source of non-protein 
nitrogen for ruminants . • • • • • • • • • • • • 12 
The·effect of dietary nitrate on nitrate and nitrite 
levels in animal tissues • • • • • • • • • • • • 13 
Methemoglobinemia as a measure of nitrate toxicity 14 
Nitrate metabolism � 
Lethal doses of nitrates • .  
Prevention of nitrate toxicity 
Treatment of nitrate toxicity • .  
Summary. 
EXPERIMENTS 
. . 
. . . 
. . . 
I. EFFECT OF NITJtffiENOUS FEEDS ON SUSCEPTIBILITY OF SHEEP TO 
NITRATE TOXICITY INDUCED BY A SINGLE ORAL DOSE OF 
18 
19 
20 
. 22 
22 
. 25 
SODIUM NITRATE . � • . • • • • • 25 
Procedures . •  . . . . 
Experiment 1 . •  
Experiment 2 . . . 
Experiment 3 • • . • 
26 
26 
28 
28 
TABLE OF CONTENTS continued 
1Results and discussion .• •  •. . . . 
II. EFFECT OF UREA ON SUSCEPTIBILITY OF SHEEP TO NITRATE 
Page 
29 
T0ilCITY UNDER A REGil1EN OF CONTINUOUS NITRATE FEEDif\n • •  42 
Procedures . • • •  
Experiment 4. 
Experiment 5 • 
Experiment 6. 
. . . . 
Results and discussion • •  
Smmna.ry. • • 
LITERATURE CITED. 
\ 
. � . . . . . 
42 
42 
. 44 
46 
47 
55 
58 
LIST OF TABLES 
Table 
1 
2 
3 
I ' 
Average methemoglobin and hemoglobin values with 
standard errors - Experiment 1 • • • • • • • • • · 
Average methemoglobin and hemoglobin values with 
standard errors - Experiment 2 • • • • • • • • •  
.. . . . 
• • • • 
Average methernoglobin and hemoglobin values with 
standard errors - Experiment 3 • • • • • •.• • • •  . . . 
4 Average rumen juice values with standard errors -
Page 
30 
32 
34 
Experiment 1 • • • • • • • • • • 
. 
• • • • • • • • • • • • 38 
5 
6 
7 
8 
Average rumen juice values with standard errors -
Ex:J>eriment 2 • • • • • • • • • • • • • • • • • • • 
Effects of urea and nitrate ·on lamb performance -
Experiment 4 -.. 82 days • • • • • • • • • • • • • • 
• • • 
. . . 
Effects of urea and nitrate on lamb performance -
Experiment 5 - 109 days • • • • • • • • • • • • • • • • 
Effects of equal nitrogen levels from urea, soybean 
meal and sodium nitrate on lamb perfonnance -
Experiment 6 - 90 days • • • • • • • • • • • • • . • • • • 
39 
. 48 
51 
53 
LIST OF FIGURES 
Figure 
1 Effect of nitrogenous feeds on methemoglobin 
to:nnation in sheep given a single oral dose of 
0. 5 gm. sodium nitrate per kg. body weight • • 
2 Effect of adaptation to urea on methemoglobin 
f'onnation in sheep given a single oral dose of 
-0.5 gm. sodium nitrate per kg. body weight • •  
. . . . . 
. . . • • 
3 Effect of adaptation to corn or corn-urea on 
methemoglobin fonnation in sheep given a single 
dose of 0.5 gm. sodium nitrate per kg. body weight . . . 
Page 
33 
35 
1 
�.: 
INTRODUCTION 
Nitrates are absorbed from the soil by plants and serve as a 
source of nitrogen whfch is c.onverted into protein and other n� trogen-
containing compounds . Plants usua�ly contain relatively small amour.ts 
of nitrate because· it is converted into other nitrogenous compounds 
rapidly after being absorbed . Under certain conditions some plants 
may accumulate fairly high concentrations of nitrate. While these 
high concentrations are not toxic to the plant, animals consuming them 
may sometimes show symptoms of nitrate toxicity. 
Nitrate is not very toxic, but i.t is readily converted into 
nitrite which causes toxicity . While some conversion of nitrate to 
nitrite may occur in damp forages prior to consumption, most of the 
conversion probably takes place in the animal's digestive tract. 
Nitrite converts the hemoglobin in red blood cells to methemoglobin 
which cannot transport o.xygen from the lungs to the tissues . Thus, 
animals affected with nitrate poisoning show general symptoms of 
oxygen deficiency . 
Ruminants are the principal victims of nitrate poisoning heca ..use 
of the large a.mounts of plant materia.l they eat and the action of 
rumen microorganisms in reducing.nitrate to nitrite . Sheep appear to 
be less susceptible than cattle, and horses ha.ve been known to suffer 
no ill effects from oat hay that was poisonous to cattle . Swine 
appear to be afflicted only upon ingestion of nitrite . 
r 
2 
In recent_years th�re has been an increased in�erest in the us� 
' I 
or ·relatively high levels of urea in rations for·rumin$.Ilts. This in 
turn h�s prompted the postulation that urea, h�ving a metabolite 
(ammonia) in common with nitrate, might result in a greater accumu­
lation of the toxic nitrite in animals fed rations containing both 
urea and nitrate. The subject of this thesis i s  concerned with inter"!'" 
actions involving nitrate and other nitrogenous feeds, and the effect 
of adaptation to various nitrogenous feeds on the susceptibility of 
sheep to nitrate toxicity. 
LITERATURE REVIEW 
The -problem of nitrate-poisoning was first reported by Mayo 
(1895,1896) who observed death losses in cattle following feeding 
of corn stalks. The deaths were believed to be due to a high con­
centration of salt peter (potassium nitrate) found in the stalks. 
Bradley et al. (1939a, 1939b) found 3.2 to 7.2% potassium nitrate 
in toxic oat hay which occurred almost entirely in the straw. The 
reeding of this straw killed a 350 lb. steer, and a chocolate-brown­
colored blood was observed. Oat hay poisoning 0£ livestock due to 
nitrates present has also been reported by Davidson et al. (1941) and 
Doughty and Warder- (1942). 
Since the work of Bradley et al. , much work has been done on the 
nitrate problem by several workers. Various reports have associated 
nitrate and its reduction product, nitrite, with- methemoglobin forma­
tion, decreased weight gains, abortions, abnormal thyroid glarids, 
signs of vitamin A defici"encies and other abnormalities. 
Nitrate content of plants 
Plants are most likely to accumulate nitrates during drought 
. ' . 
(Hanway and Englehorn, 1958; Benne, 1962; Schw_arte �al., 1939; 
Case, 1957; Doughty and Warder, 1942). These workers stated that 
drought probably interfers with the plant's ability to change nitrate 
nitrogen into protein. Any practice that increases nitrogen avail­
ability in the soil, such as growing legumes or applying manure or 
nitrogen fertilizer, may also increase the nitrate content of plants 
(Hanway and Englehorn, 1958; Gilbert et &•, 1946; _Mackenzie et al., 
1963; Gordan et al., 1962; Carey et al., 1952; &rl.th and Sund, 1965; 
Wilson, 1949; Case, 1957; Doughty and Warder, 1942). However, the 
possibility of nitrate toxicity in animals should in no way deter 
·-:----·--farmers -from the use of nitrogen fertilizers at recommended rates� 
Nitrates, regardless of their source, can contribute to a toxic amount 
of nitrate in plants. lmle nitrate in plants is often expressed as 
potassium nitrate, other chemical fo:nns probably exist (Crawford 
et al., 1961). 
Plauts kept in the dark for a prolonged period of time have lower 
nitrate-reducing capacities than those kept under nonnal light condi­
tions (Mulder et al., 1959; Hageman and nesher, 1960; Knipneyer et 
--- !!_.,  -1962; Gilbert et al., 1946). Beevers et al. (1965) stated that 
the effect of light on induction of nitrate reductase is indire?t and 
could be attributed to enhanced nitrate uptake as a result ot in­
creased permeability of tissues. The nitrate reductase activity of 
•··.· 
plants adapted.to darkwas quickly restored when plants were returned 
to light (Hageman and Flesher, 1960). 
Gilbert et al. (1946) observed that phosphate in the presence of 
small amounts of available nitrogen in the soil decreased the nitrate 
nitrogen in plants, but it had little effect in the presence of large 
amounts of available nitrogen. The lack of iron, manganese or molyh-· 
denum in the presence of abundant nitrogen appears to favor nitrate 
accumulation (Crawford et al., 1961). 
Applications of 2,4-D spray caused nitrate nitrogen to accumulate 
(Simon et al., 1959b; Whitehead et al., 1956; Stahler and Whitehead, 
1950). Berg and McElroy (1953) and Beevers et al. (1963) reported 
that varied effects on nitrate content of plants were obtained by 
spraying with 2,4-D. 
Accumulation of nitrate was significantly reduced at late stages 
of maturity compared to early and medium stages (Smith and Sund, 1965; 
Carey et al., 1952; Gordon et al., 1962; Smith, 1960; Wright and 
Trautman, 1962;. Gul and Kolp, 1960; Hanway and Englehorn, 1958; Gil­
bert et al., 1946; Beeson, 1964). Stalks have more nitrate than 
leaves with a higher concentration near the bottqm which diminishes 
somewhat near the top of the stalk (Muhrer and Pfander, 1955; Beene, 
1962; Hanway and Englehorn, 1958; Beeson, 1964). Allaway et al. 
(1963) reported that the accumulation of nitrate in plants occurred 
principally in vegetative parts rather than in the seeds. 
Many plants are known to be able to accumulate nitrate (Allaway 
et al., 1963; Case, 1957; Kretschmer, 1958; Sund, 1959; Crawford et al., 
1961; Tucker· et al., 1961). Anriual grasses, includipg_ small grains 
and corn, show a greater tendency to accumulate riitr�te than do 
perennial grasses . Significant levels of nitrates are rare in 
legumes (Allaway et al. , 1963). Whitehead et al. (1948) reported 
that nitrite, the reduction product of nitrate, was not detected in 
the growing plant. 
Much of the plant's nitrate is lost during the fermentation in 
a silo by the release of a poisonous nitric oxide gas (Muhrer and 
Pfander, 1955; Cummings et a.l., 1965; Jacobson and Wiseman, 1963; 
Hanway and Englehorn, 1958). Even with this loss, the silage may 
still retain toxic amounts of nitrate . It is advisable to stay out 
of the silo and the area around it after filling and during the 
following 2 weeks because of the poisonous nitric oxide being pro­
duced from nitrates (Whitehead, 1961). 
Symptoms of nitrate toxicity 
Davidson et al. (1941) describe the clinical picture of oat hay 
poisoning as follows: rapid puls·e (150 per min. ), short and accel­
erated respiratory movements, muscle tremor, weakness, staggering 
gait and in some cases blindness. In acute poisoning, the animal 
ceases eating, sin½s to the ground with mouth open, a.nd lies on the 
brisket or rolls over onto the side. Cyanosis of the tongue and 
sclera occurs and death ensues with little or no strugg+ing. The 
animal's blood is often dark and sometimes chocolate brown in color 
turning re_d on exposure to air. The usual autopsy findings are 
petechia.l hernmorrhages in the epicardiurn and mucous membranes of the 
5 
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dig,esti ve tract and hyp'eraemia of the mucous membrane ·or the abomasum. 
Animals usually die within 4.5 to 9 hr. after consuming lethal levels 
of nit�ate. Symptoms are usually evident when ·about 30% or more of 
the hemoglobin has been converted to methemoglobin. 
The effects of nitrates .2!! performance. of animals 
Field observations in Missouri (Muhrer et al., 1956) indicate 
that cattle .fed forages containing sublethal levels of potassium 
nitrate (0.5· to 1.5%) may have reproduction and lactation abnonnali­
ties. A marked drop in milk production in cows was reported to re­
sult from �he addition of 1.25% potassium nitrate to their ration. A 
level of 9-75% resulted in similar but less severe changes. Stewart 
and Merilan (1958) found that administration of potassium nitrate 
{15-25 gm. per 100 lb. body weight) to lactating dairy cows resulted 
in a decrease in milk production and an increase in methemoglobin 
which varied according to the level of potassium nitrate intake. 
High-producing cows and those not receiving potassium nitrate in 
earlier experiments were more sensitive to nitrate administration . 
Feeding nitrate to fattening steers reduced feed intake but 
average daily gain was little affected when the ration contained high 
levels of TDN (Hale et al. , 1962). However, Weichenthal et al. (1963) 
reported that 1% sodium nitrate reduced average daily gains and feed 
consumption in cattle fed a ration of 80% ground shelled corn and 20% 
ground alfalfa hay . . With high TDN rations, the reduction of nitrate 
to ammonia by rumen microorganisms is probably more complete than 
with high-roughage rations from which a larger portion of nitrate may 
. 7 
. ··� 
be absorbed as.nitrite�. Daily gain and feed consumption were not 
·significantly influenced by nitrate level (O.O, 0.6 �d 1.2% calcium 
nitrate) in the diet when fed to _heifers (Wallace et !!.•., 1964). When 
steers were fed rations with or without potassium. nitrate added as 
1-2% of diet dry matter, gains were slightly, but not significantly, · 
decreased by the nitrate (&iith et al., 1962). · Feeding O. 73 to 1.33% · 
potassium nitrate failed to signficantly affect perfonnance of fatten­
ing cattle (Newland and Deans, 1964). 
Feeding oat hay containing 0.8% potassium nitrate to sheep dur­
ing pregnancy had no harmful effect on weight of the ewes or on the 
lambs born (Eppson et al., 1960). · When potassium nitrate (4% of air­
dry feed)·was fed to lambs, it did not affect the rate of gain (Cline 
et al., 1963). Davison et al. (1965) ·reported that nitrate does not 
inhibit growth or cause a loss of body weight in sheep, unless it 
also causes a decrease in consumption of feed. 
Hatfield and Smith (1963) observed that lambs fed soybean meal 
(11.2%) gained more weight than lambs fed urea to supply an equal 
amount of nitrogen. Nitrate reduced gains in lambs fed soybean meal 
but increased gains in lambs fed urea. Rumen pH was elevated in lambs 
fed nitrate with soybean meal, but not with urea. 
Rate of gain of rats was significantly decrea�ed with 2. 5% 
potassium nitrate (Welsch� al., 1962). O'Dell et al. (1960) de­
pressed rat growth by feeding 0.3% potassium nitrite. 
The findings by Sund and Wright (1957) indicated that nitrates 
in certain weeds caused or were related to the cause of abortion in 
1 
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cattle which g�azed unimproved lowland areas where the·soil was high· 
in available nitrogen. The results of Winter and Hokanson (1964) 
indicate that heifers given an adequate ration ·can tolerate.the in­
gestion of nitrate or nitrite for prolonged periods, including con­
version of 40 to 50% or more of total hemoglobin �o methemoglobin, 
with no detrimental effects on the maintenance of pregnancy. Simon 
et al. (1959a) found that when 100 gm .  of potassium nitrate were given 
daily through a rumen fistula the heifers aborted, but 70 gm. daily 
for 47 days had no effect. Lesions of the fetuses and fetal membranes 
were comparable to those observed occurring in marshland abortions. 
When the nitrate ion was fed at levels equivalent to O, 440 and 660 
mg. No3- per kg. body weight by Davison et al. (1964), abortions 
_ _ _ _occurred in the groups fed nitrate with a lower conception rate and 
some deaths occurring at the higher level of nitrate. Growth, length 
of estrous cycle�, length of gestation, birth weight and perfonnance 
of calves, vitamin A and carotene nutrition and milk production were 
similar in all groups. 
The effects of nitrates .2.!! pituitary·and thyroid glands 
Pituitaries from. nitrate-fed heifers (0, 440 and 660 gm. N03- per 
kg. body weight) we�e heavier and contained a slightly higher concen­
tration Qf growth honnone than those from control heifers (Jainudeen 
et al. , 1965). Nitrate did not adversely affect the thyrotropic, 
adrenocorticotropic or gonadotropic activity of the pituitary gland. 
Cline et al . (1963) reported that in fattening lambs fed potas­
sium nitrate (4% of air-dry feed) tapazole decreased gains while 
. 9 . ··� 
triiodo-1-thyronine had a beneficial effect on the rate of gain. 
Bloomfield et al. (1962) and Welsch et al. (1961). have demonstrated -- . --· 
. that U1e nitrate ion depress·es thyroid function. Dietary nitrate 
(sodium and potassium) can adversely affect the normal functions.of 
the thyroid gland with an increase in thyroid size in rats (Welsch 
et al., 1961, 1962 and 1965; Fregly, 1964; Bloomfield et al., 1961b). 
Welsch et al. (1964) reported no significant differences in thyroxine 
secretion rate of rats, with and without nitrate. Bloomfield et al. 
(1962) reported in rats that nitrate and iodide have a common concen­
trating mechanism. Supplemental dietary iodine will overcome the 
adverse nitrate-thyroid relationship (Welsch et al., 1962; Bloomfield 
et al., 1964; Allaway et al., 1963), but this will not correct the 
adverse effect nitrate has on rate of gain of rats exposed_to cold 
temperatures. 
The effects of nitrates on vitamin A and carotene ------- - ---
One of the problems that has been connected with nitrate tox-
icity is the effect of nitrate on vitamin A or carotene in the diet 
and also in the intact animal. There have been conflicting reports 
on this subject. The feeding of rations containing 1.2% calcium 
nitrate (Wallace et al., 1964), 30 gm •. nitrate_ion per 100 lb. body 
weight per day (Davison et al., 1963) or 1% sodium nitrate (Emerick 
et al., 1963; Weichenthal et al., 1963) had no apparent effect on 
carotene or vitamin A values of either the liver or plasma of cattle. 
Smith et al. ·(1962) reported that potassium nitrate fed to cattle as 
1-2% of diet dry matter exerted no significant ef'f'ect, ·\,lpon liver 
vitamin A, but plasma vitamin A was reduced. 
10 
Winter and Hokanson (1964) observed low serum vitamin A levels 
in heifers fed nitrate or nitrite, but -a relationship could not ·be 
clearly established. Jordan et al. (1961), Hale et al� (1962) and 
Newland and Deans (1964) _have reported a g�eater depletion of liver 
vitamin A in cattle with a ration containing nitrate than one with 
little or no nitrate. Mcilwain and Schipper (1963) observed an in­
crease in circulating serum carotene with an accompanying decrease in 
vitamin A in the calves given nitrates or nitrites; they postulated 
that the conversion of carotene to vitamin A may be inhibited. 
Emerick et al. (1963) and Goodrich et al. (1964) found that 3% 
sodium nitrate added to sheep rations tended to lower liver vitamin 
A stores. This level caused some death losses and losses were not 
prevented by feeding supplemental vitamin A. Nitrate had no signi­
ficant effect upon plasma or liver concentration of vitamin A when 
potassium nitrate was fed as 4% of dry matter; however, all values 
were below those for lambs fed "normal" silage (Smith et al.,_1961, 
1962; Cline et al., 1963). There was relatively little difference in 
vitamin A concentration between abomasum fluids collected from sheep 
with and without nitrite, suggesting that dietary nitrite did not 
enhance vitamin A destruction .in sheep (Roberts and Sell, 1963). 
Carotene and vitamin A status of ewes was not related to nitrate 
ingestion (Davison et al., 1965). 
· 11 
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Nitrate under a variety of conditions did not cause beta-carotene 
destruction in vitro ( Olson et al. , 1963; Da·vison and Seo, 1963; Keat­
ing et 1al. , 1964). Nitrite in neutral or alkaline (pH 6. 25 and above) 
medium caused little or no destruction of carotene in vitro, but in an 
acid medium, nitrite additions caused rapid beta-carotene disappearance 
even at pH levels often found in biological materials (Olson et al. , 
1963; Keating et al. , 1964; Roberts and Sell, 1963, Pugh et al. , 1962; 
Pugh and Garner, 1963). Nitric oxide and nitrogen tetroxide were also 
found to destroy beta-carotene rapidly, a.nd the effect of nitrite in 
acid medium may have been the result of the formation of these gaseous 
nitrogen oxides (Olson et al. , 1963). They a.lso demonstrated, in 
vitro, the destruction of carotene in abomasum fluid but not in rumen 
fennentations. Mitchell et al. (1965) observed extensive ruminal 
destruction of vitamin A in both cattle and sheep, but there was no 
indication that dietary potassium nitrate enhanced destruction. Ni­
trite, or gaseous oxides formed from it, was shown by Olson et al. 
(1963) to destroy carotene during silage fermentations. Davison and 
Seo (1963) reported that the nitrate iun does not affect the stability 
of vitamin A in prepared feed. 
Emerick et al. (1963) and Tolerick and Olson (1962) reported that 
the feeding of nitrite, .but not nitrate, significantly lowered liver 
storage of vitamin A in the rat from orally administered sources of 
preformed vitamin A, but not from injected sources . They also reported 
'that nitrate and nitrite significantly lowered the liver stora.ge of 
vitamin A from carotene with the grea.test effect resulting from nitrite. 
·12 
These results indicate that the action of nitrite on ·vitamin A in the 
rat occurred in the digestive tract . The destruction of carotene by 
I • . 
gaseous oxides of nitrogen yields-compounds having no vitamin A ac-
tivity when fed to rats (Toierick and Lievan, 1963). O'Dell et al . 
(1960) reported. that nitrite not only causes a more rapid depletion 
of vitamin A in the rat, but it precipitated a vitamin E deficiency 
on a diet normally adequate in vitamin E .  Appetite and muscular 
coordination were improved when a vitamin E concentrate was added . 
From these reports it appears that the vitamin A nutrition of 
animals ma? be adversely a.ffected by the destruction of vitamin A or 
carotene by nitrite in the acidic portions of the digestive tract . 
However, the most important effect of nitrates on the vitamin A status 
of livestock is probably a result of the direct destruction of caro­
tene in certain feeds prior to their consumption by the animals. 
Utilization of nitrate as a source of !!,2!l-protein nitrogen for ruminants 
Sokolowski et al. (1960, 1961) reported that nitrate nitrogen is 
apparently utilized in a manner similar to other forms of non-protein 
nitrogen when incorporated in a complete ration for growing and fat­
tening lambs . It appears that nitrates can. safely and advantageously 
be substituted for urea as a partial source of nitrogen, provided 
sufficient sugar is given simultaneously (Clark and Quin, 1951). With 
active flora and sufficient sugar, la.rge amounts of sodium nitrate 
(30 gm. per day over a period of 3 weeks) produced no harmful effects . 
The addition of potassium nitrate to a. flask, which contained 20 
ml .  of sheep or steer rumen juice and incubation medium -with 34 mg . 
added urea, decreased urea utilization by the rumen -microbes (Bloom­
field� al., 1961a). A variety of other sources of non�protein 
nitrogen have been evaluated. · Of the several studied by Repp, et al. 
(1955) including urea, ammonium acetate; ammonium propionate, mnnionium 
ronnate, formamide and propionamide, most did not support as high 
rates of gain as conventional ·protein. The growth data further sug­
gested that a period of 2-3 weeks was required before the lambs be­
came fully a�apted to the non-protein nitrogen canpounds. 
The effect of dietary nitrate� nitrate and 
nitrite levels in animal tissues 
Nitri�e levels in serum are nil, with a few exceptions, because 
nitrite reacts rapidly with hemoglobin (Garner � al., 1960). Normal 
, - ·  
bovine serum levels were found to contain 1.06 ± 0.29 mg. potassium 
nitrate per 100 ml. blood. Serum from a pathological cow (abortion) 
contained 16.0 mg. potassium. nitrate per 100 ml. blood. The plasma 
nitrate concentration of sheep ranged from 5.9 to 9.2 mg. nitrate 
nitrogen per 100 ml. 2 hr. after drenching with 20 gm. sodium nitrate 
(Setchell and Williams, 1962). Repeated drenching for 6 days had no 
additional effect on the concentration of nitrate and nitrite nitrogen 
in the plasma. Blood nitrate ievels appeared to be maximal at 4-6 hr. 
post-nitrate administration and then declined within 2 hr. prior to 
the period of most severe outward signs of intoxication or death 
(Diven et al., 1962). 
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When molybdenum was omitted from the diet, b1ood nitrate levels · 
or the sheep were about three times higher than 'When molybdenum was 
I . 
present (Tillman et al., 1965). Conversely bl�od nitrite levels_were 
higher when molybdenum was ·present. This appears to be a result or 
the need for molybdenum in nitrate reduction. Feed consumption of 
sheep receiving diets deficient in copper and iron was only half that 
or sheep receiving a complete ration, yet their blood nitrite levels 
were similar. 
Nitrate feeding increased the nitrate content of milk and meat 
(Davison et al., 1964), but the contamination was so small that it 
did not appear to co11stitute a hazard to human health. Average 
nitrate content of milk and meat was 18 mcg. per ml. and 11 mcg. per 
gm., respectively, for dairy heifers fed 30 gm. nitrate ion per 100 
lb. body weight per day. 
Methemoglobinemia ��measure of nitrate toxicity 
Methemoglobin fonnation has been used as a measure of nitrate 
toxicity. Paul and Kemp (1944) found th�t the methemoglobin level 
of normal human blood was 0.09 gm. per 100 ml. blood. Average met­
hemoglobin content of nonnal blood, as determined by Heubner et al. 
(1947), is as follows: human, 0.10; dog, 0. 13; cat, 0.13; rat, 0.10; 
guinea pig� 0.03 and rabbit, 0.02 gm. per 100 m1. blood. 
When methemoglobin {wholly ferric) levels become elevated, a re­
duced amount of hemoglobin (wholly ferrous) is available for o�gen 
transport (Darling and Roughton, 1942; Bodansky, 1959). This residual 
hemoglobin has an increased affinity for oxygen so it cannot be fully 
·15 
released to the. tissues: · This condition results in a decreased 
oxygen supply for the tissues. Kilgore et al. (1959) reported that 
signifibant increases in methemoglobin in the circulation of rabbits 
and rats are correlated with increases in the levels of.nitrate in­
gested either a.s sodium nitrate or as it occurs naturally in plant 
food. 
Total hemoglobin and red blood celi concentration increased in 
proportion to blood rnethemoglobin levels in heifers fed nitrate or 
nitrite (Winter and Hokanson, 1964; Davison et al. , 1965). Heifers 
ingesting 1;-i trate at levels equi va.lent to 440 and 660 mg. N03- per _ 
kg. body weight for a long period of time were capable of adapting 
to a deficiency of oxygen in their blood (Jainudeen et al. , 1964). 
This compensatory mechanism consisted of a marked increase in the 
number of circulating erythrocytes and increased hemoglobin concen­
tration and blood volume . 
Sodium nitrite injection produced a significantly higher methemo­
globin concentration in rats maintained on a semi-purified diet supple­
mented wlth methionine than in animals given a laboratory-chow stock 
diet. Methernoglobin levels of the animals on a semi-purified methio­
nine-deficient diet fell between the levels of these groups (Mortensen, 
1953). Methemoglobin concentrations were also inversely related to 
the blood levels of sulfhydryl·compounds, ergothioneine and glu�athione. 
Brooks (1934) reported that glucose, in vitro and in vivo, is effective 
in preventing methernoglobin formation, or in reducing it to hemoglobin 
which can then fonn o:xyhemoglobin. Twenty gm. potassium nitrate per 
100 lb. live weight in sheep produced mild methemoglobinemia on a diet _ 
_ of poor quality grass hay while 30 gm .  potas�ium nitrate produced 
\ . 
severe symptoms, but with glucose the symptorns_ were less severe 
(Sapiro et al. , 1949). There was little or no methemoglobin in 
adequately fed sheep given similar doses of nitrate (Holtenius, 1957). 
Eppson et al. (1960) reported that there wa·s no significant difference 
in the rnethernoglobin levels of sheep fed good quality oat hay con­
taining 0. 21. or 0. 80% potassium nitrate. Smith et al. (1962) reported 
that potassium nitrate as 1-2% of the total dry matter intake in­
creased me�hemoglobin content, and this effect was greater in steers 
fed hay as compared to silage. 
A cow receiving a direct addition of 70-100 gm. of potassium 
nitrate a day into the rumen through a fistula showed no methemoglobin 
for several days, although there was immediate nitrate reduction 
(Wang et al. , 1961). After drenching lambs with 64 gm. potassium 
nitrate, methemoglobin reached levels of 70% of total hemoglobin by 
the fourth hour (Sokolowski et al. , 1960). Only small amounts of 
methemoglobin were found in sheep receiving 2.5 to 3.0% sodium nitrate 
continuously (Goodrich et al. , 1964) . 
Holtenius (1957) observed that as much as 65% of the total hemo­
globin could be in the fonn of methemoglobin, and the animals lying 
in coma, without any decrease in oxygen consumption. This supports 
the hypothesis that methemoglobin was not responsible for the first 
signs of illness, but rather that the vasodilatory effect of nitrite 
with the associated decrease in blood pressure was of primary 
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importance. In c�ses of m ethemoglobj.nemia experimentally produced 
in dogs, death occurred with methemoglobin levels approaching 95% 
. I 
. 
. 
and recovery was observed when methemoglobin values did_ not exceed -
87% (Vandenbelt et al., 1944). 
Greenberg et al. (1943) . reported that in the reaction between 
nitrite and hemoglobin in vitro , one
.
molecuie or nitrite reacts with 
two molecules of hemoglobin to form two molecules of methemoglobin. 
In an acid medium, the reaction of nitrite with hemoglobin is complete 
in a short time while in a neutral or slightly alkaline medium the 
reaction may take several hours for completion. 
The variation in levels of methemoglobin found among animals 
within groups and in individual animals on different days was so 
great that it is considered by Simon et al. (1959a) to have little 
diagnostic value for detecting nitrate intoxication. There was 22% 
loss of methemoglobin in samples with high methemoglobin content when 
samples stood in the refrigerator for 24 hr. (Eppson et al., 1960) . 
Diven � al. (1962) have expressed the idea that blood nitrate levels 
rather than methemoglobin are a better indication of the amount of 
nitrate consumed by sheep. However, Garner et al . (1960) reported 
that the level of nitrate in serum is not a reliable measure in diag­
nosing nitrate toxicity. They stated that a more accurate evaluation 
or nitrate toxicity cases can be made from ration and water analysis . 
Methemoglobin detenninations were not helpful in predicting the like­
lihood of abortion according to Simon et al. (1959b). 
18 
�itrate metabolism 
Winter (1962) and Wang et al. (1961) reported that nitrate was 
metaboli�ed to some extent in . the tissues but very little in the 
blood. Hydroxylamine was formed from nitrite in the blood and was 
also capable of converting hemoglobin to methemoglobin. Treatment 
with nitrate or nitrite had little effect on blood ammonia levels. 
Absorption experiments by Pfander et al. (1957) demonstrate that both 
nitrate and nitrite can be absorbed from the rumen. If nitrate is 
not reduced in the rumen or _if it is completely reduced to annnonia, 
there will be little danger from nitrate poisoning. 
Lewis (1951) and Holtenius (1957) reported that nitrate intro­
duced into . the rumen of the sheep is reduced to ammonia. Nitrite is 
an intermediate in this reaction and may accumulate under certain 
conditions and lead to a partial conversion of blood hemoglobin to 
methemoglobin. The formation of methemoglobin followed the time 
course of nitrite formation in the rumen rather closely (Wang et al.·, 
1961), suggesting that nitrite was passed directly from the rumen to 
the blood. They also used N1 5-potassium nitrate to trace the fonna­
tion, a.bsorption and elimination of nitrate and the compounds fanned 
from it. Nitrate, nitrite and ammonia were absorbed in considerable 
quantities directly from the rumen into the blood • . The highest con­
centration - of N
15 
in the ammonium ion in the blood appeared 3-4 hr. 
after addition of N15-potassium nitrate to the rumen, whereas the 
highest _ N1 5 concentration in the nitrate plus nitrite fraction 
appeared in the blood in 5-6 hr. 
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· Medina and _Nicholas· (1957) reported the sequence . tor the reduc­
tion of nitrate is probably nitrate to nitrite to  hypo¢t.rite to 
hyroJCYlamine to ammonia. The · addit,ion of small amounts of nitrite 
to the rumen inhibits carbon dioxide and volatile fatty acids ·pro­
duction (Holtenius, 1957). This worker also reported that the break­
down of both nitrate and nitrite in vitro occurred at an optimum pH 
of approximately 6. 5. 
Lethal doses of nitrates 
The lethal dose of nitrate for cattle and sheep depends both on 
amount cons1nned and rate of consumption. Plants are considered 
potentially dangerous- when they contain more than 1. 5% potassium 
nitrate on a dry basis (Kingsbury, 1958; Beath et al. , 1953). 
Davison (1965) and Allaway et al. (1963) stated that forages contain­
ing 2$ nitrate ion, on a dry matter basis, should be considered 
potentially toxi.�. They may be safely fed in limited quantities by 
feed restriction or adequate dilutions with other feeds. 
Prewitt and Merilan (1958) reported the minimum lethal dose for 
initial intake by calves was in excess of 30 gm. potassium nitrate 
per 100 lb. body weight. !-fuhrer and Pfander (1955) reported that a 
40 gm. dose of potassium. nitrate was lethal to a 70-lb. calf. Lewis 
(1951) reported ths.t 25 gm. soditnn nitrate or 10 gm. sodium nitrite 
placed in the rumen, or 2 gm. sodium nitrite injected intravenously, 
resulted in a methemoglobinemia corresponding to 60% conversion of the 
total hemoglobin. With nitrat·e administered orally and nitrite .adminis­
tered intravenously, sheep were able to tolerate 10 times 
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as much nitrate as nitrite (Pfander et al . ,  1957; Case, · -1957) •· Sund 
(1959) reported that 0 . 1  oz. of the nitrite ion per 100 . lb. body 
weight w�ll kill a cow, and smaller amounts will· kill the unborn calf 
without visible harm to the dam. Jones and Griffith (1963) reported 
that sheep withstood potassium nitrate administered either in a single 
dose of 50 gm. or in daily doses of 15 gm. for a period of a month. 
Two wethers were unaffected by 15 gm. sodium nitrate, but when given 
20 gm. both died (Setchell and Williams, 1962) .  
Prevention of nitrate toxicity 
Holtenius (1957 ) reported that the composition of the feed is of 
great sign�ficance for controlling the accumulation of nitrite in the 
rumen after the administration of nitrate and for the breakdown of 
introduced nitrite . For animals on an inadequate ration, it was 
possible to demonstrate significantly greater amounts of nitrite for 
a longer time than was the case for the animals receiving a ration 
considered adequate. Sheep maintained on straw died after receiving 
daily doses of 0. 4 gm. sodium nitrate per kg. body weight, while sheep 
which were maintained on a good ration received similar doses and did 
not become ill. Case (1957)  reported that cattle and sheep on high 
quality rations could tolerate more potassium nitrate (1.5%) in the 
total ration, while cattle on poor or deficient rations died from less 
nitrate (0. 7%).  
Emerick et al. ---(1965) found that drenching sheep twice daily, 
with a sucrose solution providing 60 gm . of sugar per day, or the 
addition of 500 gm. of corn per day to a .  forage ration, offered a 
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large d�gree of .protect:fon against the methemoglobinemia induced by 
I 
20 gm.  of orally-administered sodium nitrate � · Substitution of 100 
gm .  of soybean meal for an equal amount of corn ·appeared to reduce 
the p�otection provided by _the corn . With glucose addition , nitrate 
toxicity was less severe when sheep were given 30 gm.  potassium 
nitrate per 100 lb. live weight (Sapiro et al . , 1949) . --
The in vitro reduction of nitrite was increased by supplemental 
glucose, indicating the i mportance of readily available carbohydrate 
in speeding the overall reduction of. nitrate . to ammonia {Pfander et 
al . ,  1957; Barnett and Boivman , 1957; Sapiro et al . ,  1949) . 
Chlortetracycline fed at the rate of 10 gm. per lb . of feed was 
partially ·effective in retarding methemoglobin formation in cattle 
receiving high-nitrate (2% sodium nitrate) rations for 2-week periods 
(Emerick and Emb·ry , 1961). When fed to sheep for longer periods , 
chlortetracycline provided partial protection against the toxicity of 
3% sodium nitrate only during the first 2 weeks of the 6-week experi­
ment . The antibiotic did not appear to have an effect on the methemo­
globin levels to be ultimately reached , but the time required for 
attainment of peak methemoglobin level� was increased . Artificial 
rtnnen work showed that 0 . 5 to 1 . 0 ppm of chlortetracycline was suffi­
cient to suppress  nitrate reduction and nitrite accumulation , and 
higher levels_ completely prevented nitrite accumulation. 
Sokolowski et al . (1961) reported that the addition of inorganic 
sulfur �o give 0 . 5 � 0 . 9% sulfur in the ration appeared to aid in the 
prevention of toxic effects of 3 . 2% potassium nitrate by increasing 
the utilization .of nit�ate nitrogen by the growing-fattening lamb . 
Thomas et al . (1951) also reported that in the absence of dietary · 
sulfur, urea nitrogen was apparently not utilized efficiently since 
sulfur deficient lambs were consistently in negative nitrogen balance. 
Treatment of nitrate toxicity 
An animal may be treated for nitrate toxicity by intravenous 
injection of methylene blue. Wendel (1939)  and Bradley et al. (1940) --
first reported the use of methylene blue to counteract the effect of 
ingested nitrate by converting the methemoglobin into normal hemo­
globin . Th� treatment, as established by Ackerson (1963 ) and Beath 
et al. (19!3 ) ,  is the intravenous injection of methylene blue as a 
4% solution at the rate of 2 gm .  per 500 lb. live weight of animal 
with a minimal dose of 2 gm. The animal must be treated soon after 
the ingestion of the nitrate. Woelffer (1964) reported that sodium 
thiosulfate may also be used to treat animals that have had an over­
dose of nitrate . 
Sunnnary 
The factors that have a major influence on the concentration of 
!lltrate in forages are species , part of plant (higher in the sterns 
than in the leaves or heads), stage of maturity (concentration of 
nitrate decreased as plant matured) , level of soil nitrogen (higher 
"'-
concentration of nitrate in plants with higher soil nitrate levels), 
light intensity (less light gives higher nitrate concentration) , 
. drought {may increase nitrate content), soil deficiency ·in minor 
elements (higher nitrate content with a deficiency) and spraying with 
2,4-D (irlcreases nitrate content). 
Animals fed forages containing aublethal levels of nitrate may 
have production , reproduction and lactation abnormalities . Nitrates 
tend to lower milk production and rate of gain under some conditions. 
Sublethal levels of nitrate may not affect the cow but may kill the 
unborn calf. Nitrate may affect the nonnal functioning of the pitui­
tary and thyroid glands. Supplementary dietary iodine appears to 
overcome the adverse nitrate�thyroid relationship. 
The lethal dose of nitrate for cattle and sheep depends both on 
amount consumed and rate of consumption. Plants with equivalent 
or over 1. 5% potassium nitrate are potentially dangerous but they 
may be fed in limited quantities. About 45  gm. of nitrate per 100 
lb. of animal is considered a lethal dose. Sheep were able to 
tolerate the intravenous introduction of more than 10 times as much 
nitrate· as  nitrite. The conversion of nitrates to nitrites in the 
animal ' s  digestive tract with subsequent absorption of nitrite into 
the blood causes conversion of hemoglobin to methemoglobin. The 
animal will then die of asphyxiation if enough hemoglobin (in excess 
of 70%) is converted to methemoglobin, and the blood is no longer 
able to carry sufficient o�gen. - The addition of a readily available 
carbohydrate source will provide some protection against nitrate 
toxicity. Inorganic- ·sulfur may also aid in the prevention or toxic 
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effects. After an animal.has ingested the nitrate , intravenous in­
jection of methylene blue may· counteract the hitrate poisoning. 
Nitrates may be safely used when fed at a low level and in a complete 
ration. They are apparently utilized the same a s  other fonns of non­
protein nitrogen. 
Under some conditions, liver or plasma vitamin A levels of 
animals on rations containing high levels of nitrate appear to be 
reduced. Nitrite, but not nitrate, rapidly ·destroys carotene and 
vitamin A under acidic conditions . While other mechanisms may be in­
volved in the reduction of liver vitamin A stores, the most important 
one appears to be a direct destruction of carotene or vitamin A -in 
the digestive tract or in certain feeds prior to consumption. 
Simple stomach animals may be affected by nitrate poisoning, but 
because of the smaller amounts of forages consumed it is not very 
common. 
EXPERIMENTS 
I .  EFFECT OF NITROGENOUS FEEDS ON SUSCEPTIBILITY OF SHEEP TO NITRATE 
TOXICITY INDUCED BY A Sitl1LE ORAL DOSE OF· SODIUM NITRATE 
Many compounds have been used for protection against nitrate 
toxicity with varying success. As reported in the literature review, 
some of these compounds have been reported to limit fonnation or in­
crease reduction of methemoglobin , while others have been shown to 
increa se the rate of disa.ppearance of nitrate in rumen ingesta . It 
is by the latter mechanism that carbohydrate feeds are believed to 
protect aga.inst nitrate toxicity . It has been reported that ruminants 
under some · conditions can utilize nitrate nitrogen beneficially as a 
source of crude protein presuma.bly following its reduction• to ammonia . 
This characteristic that nitrate has in common with urea has provided 
a basis for the postulation that urea. may increase nitrate toxicity 
by slowing nitrate reduction to ammonia with a subsequent accumulation 
of nitrite . Also, it has been shown that a. period of 2-3 weeks is 
required for lambs to become fully adapted to non-protein nitrogenous 
compounds . 
These experiments were conducted to study the following : 
1 .  The susceptibility of sheep to nitrate toxicity after adaptation 
to  various nitrogenous feeds. 
2 .  The susceptibility of sheep to nitrate toxicity befor.e and after 
adaptation to urea. 
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· 3. The_ susceptibility of sheep to nitrate to.xi.city before and after 
adaptation to corn or corn-urea concentrates. 
Experiment 1. 
Procedures 
Forty-two lambs of mixed breeding and averaging about 39.5 kg. 
were assigned to six treatment groups of seven lambs each. Rations 
were as follows : 
Treatment 1 .  Bromegrass hay plus ground corn. 
Treatment 2 .  Bromegrass hay plus ground corn-soybean meal mix. 
Treatment 3. Bromegrass hay plus ground corn-urea mix. 
Treatment 4 . Alfalfa hay plus ground corn. 
Treatment 5. Alfalfa ha.y plus ground corn-soybean meal mix. 
Treatment 6 .  Alfalfa hay plus ground corn-urea mix. 
The chopped hay and concentrate mixes were each fed at the rate 
of 500 gm. per head daily. The soybean meal comprised 20% of the 
appropriate concentrate mixes. Urea, when used, was added at a rate 
of 2.8% of 262% protein equivalent urea. This level of urea provided 
approximately the same total crude protein level in the corn-urea 
concentrate as was contained in the corn-soybean meal concentrate 
mix. Trace mineral -salt and dicalcium phosphate were available in 
separate containers ad libitum. The lambs were maintained in 
--r-
individual pens and were fed twice daily. 
After about 4 weeks on the experimental rations, the lambs were 
treated orally with sodium nitrate . The sodium nitrate was adminis­
tered at the rate of 1 ml. (50% w/v aqueous solution) per kg. body 
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weight by stomach tube approximately 30 min . a.fter the morning feed­
ing. Blood samples were obta1ned from the jugular . vein.before the 
administeration of the sodium · nitrate and thereafter at 2-hr. interva.ls 
for 10 hr. The blood was analyzed for methemoglobin and hemoglobin 
using the technique described by Evelyn and Malloy ( 1938) . One sheep 
from each of the six groups \'IaS treated daily until data had been 
obtained for all sheep (7 per group). A rumen ingesta sample was 
collected 6 hr. following sodium nitrate administration and the follow­
ing analyses were made : pH, nitrite, nitrate, and _ammonia. The pH 
of the rumen juice was made immediately following collection using a 
Beckman Zeromatic pH meter. Nitrite nitrogen was detennined by.an 
adaptation·of the colorimetric alphanaphthylamine method (A.P.H . A. ,  
1936). Nitrate nitrogen was determined by a modification of the 
Devarda's alloy method (Olson and Whitehead, 1940). Ammonia nitrogen 
was determined by the following procedure : Twenty five ml. of rumen 
juice were diluted to 300 ml. with water in a Kjeldahl flask and 10 
gm. of magnesium oxide were added. The mixture was distilled and 
ammonia �as collected in 50 ml. of 4% boric acid solution. Following · 
distillation , the boric acid solution was titrated with 0.07 N 
hydrochloric acid using Tashiro's indicator , which has a grey end­
point. Differences --between data. obtai�ed for_ the control (bromegrass 
hay plus ground corn) and the other treatments were tested using 
Dunnett's test (Steel and Torrie, 1960). Analysis of variance was 
also applied in some instances. 
Experiment 2 • 
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Twenty-four lambs of mixed breeding and ·averaging - about 49 kg. 
were assigned to three treatment groups of eight lambs each. Rations 
were as follows : 
Treatment 1. Basal ration. 
Treatment 2. Basal ration plus urea (adaptation to urea allowed). 
Treatment 3. Basal ration plus urea (adaptation to urea not 
allowed -- urea was introduced 2 days pri'or to 
administration of sodium nitrate.) .  
- The basal ration consisted of 500 gm. of chopped bromegrass hay 
and 500 gm. of ground corn per head daily. After about 4 weeks on 
the experimental rations, the lambs were treated orally with a single 
oral dose of 0.5 gm. sodium nitrate per kg. body weight. Urea was 
added at the same rate as in experiment 1 (2. 8% of 262% protein equiva­
lent urea). Other procedures, including sodium nitrate administration, 
were the same as in experiment 1. 
Experiment 2.· 
Forty-eight ewe lambs of mixed breeding and averaging about 33 
kg. were assigned to four treatment groups of 12 lambs each. Rations 
were as follows : 
Treatment 1. Bromegrass hay plus - ground corn (adaptation to 
ground corn allowed) . 
·Treatment 2. Bromegrass hay with the addition of ground corn 
one day before administration of sodium nitrate 
(adaptation to ground corn not allowed). 
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Treatment 3. Bromegrass hay plus ground corn-urea · concentrate 
mix (adaptation to ground corn-u
.
rea mix allowed) . 
Treatment 4 .  Bromegrass ·hay with the addition of ground corn­
urea mix one day before administration. of sodium 
nitrate (adaptation to ground corn-urea mix not 
allowed). 
Chopped brornegrass hay was fed at a rate of 1100 gm. per head 
daily when fed alone and 600 gm .  daily when fed in conjunction with 
a concentrate . The lambs receiving concentrate mixes were fed 600 
gm. of the appropriate concentrate mix daily. The lambs were fed the 
rations for about 4 weeks before the administration of the single oral 
dose of 0. 5 gm .  sodium nitrate per kg. body weight. Urea was added 
at the same rate as in the two previous experiments (2. 8% of 262% 
protein equivalent urea). Other procedures were the same as in 
experiment 1, except that no rumen ingesta samples were collected. 
Results and discussion 
Methemoglobin and h�moglobin values for sheep_ following oral 
administration of 0. 5 gm . of sodium nitrate per kg. body weight in 
experiments 1, 2 and 3 are presented in tables 1, 2 and 3 and shown 
graphically in figur-es 1, 2 and 3 ,  respectively. Peak methemoglobin 
values were reached in 6 to 8 hr. in most instances. In experiment 1, 
the highest average value of 4.34 gm. methemoglobin per 100 ml. · of 
blood (about J6% of the total hemoglobin) was reached in 8 hr . by the 
control group fed ground corn plus bromegrass hay . All of the other 
rations appeared to offer a 5mall degree of protection against 
TABLE L Average methemoglobin and hemoglobin values with standard errors - Experiment 1 
Hay Brome 
Concentrate Corn 
Methemoglobin, gm. /100 ml. 
Hoursa 
0 0. 18 + 0.05 
2 0.67 + 0.17 
4 1.67 ± 0. 12 
6 3. 59 ± 0.90 
8 4. 34 + 0. 93 
10 3.48 ± 0.79 
Hemoglobin; gm./100 ml. 
Hoursa 
0 13 .64 ± _0.43 
2 12. 57 + 0.40 
4 12. 65 + 0.45 
6 12.25 � o .  56 
8 · 12. 14 ± 0.30 
10 12.42 ± 0.50 
Brome 
Corn-SBM 
0.24 + 0.07 
0.44 + 0.09 
1. 00' + 0.20 
2. 12 + 0.1+3 
2.99 + 0.67 ' -
2. 60 + 0. 81 
13 . 63 + o .  52 
12. 34 + 0. 57 
12. 63 + 0. 51 
ll. 71 + 0. 38 
11. 67 + 0. 64 
12.08 ± 0. 73 
Brome Alfalfa 
Corn-urea Corn 
0.16 + 0.04 · 0. 26 + 0.05 
0.47 + 0.06 0. 64 + 0.18 
1.93 + 0. 19 1. 82 + 0.95 
3. 13 + 0.48 2. 61., ± 1. 10b 
4. 00 + 0. 55 2.45 + 0.95  
2. 84 ± 0. 71 1. 76 ± 0.62 
14.13 + 0.83 13.55 ± 0. 67 
13.46 + 0.42 12.50 + 0. 44 
12. 81 ± 0.45 11. 97 + 0.48 
12.32 + 0.54 11 . 46 + 0. 56 
12.65 + 0. 58 11.30 + 0.63 
12.84 ± 0. 54 11. 80 ± 0 � 53 
aHours after administration of a single oral dose of sodium nitrate. · 
Alfalfa Alfalfa 
Corn-SBM Corn-urea 
. 0. 21 ± 0.03 0. 15 + 0.04 
0.30 + 0.05 0.45 ± 0.09 
· 0 . 83 + 0.25 1. 75 ± 0. 55 
1.87 ± 0.49
b 
2. 73 ± 0. 73b 
2.42 + 0.76 2. 05 + 0. 63 
2. 66 + 1.02 1. 26 ± 0.36  
14. 12 + 0. 28 14.08 + 0. 71 
13. 24 +. 0. 54 12.25 + 0. 58 
12.89 ± 0.60 11.38 ± 0. 51 
11. 85 ± 0.40 1L l8 + 0.58 
11. 71 ± 0.34 10.93 ± 0.64 
12.33 ± 0.30 11. 3 5  ± 0 � 3 5  
�ethernoglobin values at 8-hr. period for alfalfa-fed groups, collectively, are significantly 
(P < . 05) lower than values for groups fed brome hay. 
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TABLE 2. Average methemoglobin a·nd hemoglobin values - with standard 
errors - Experiment 2 
. a 
Treatment 
Corn 
(adapted) 
Methemoglobin , gm. /100 ml . 
Hoursb 
0 
2 
4 
6 
8 
10 
Hemoglobin , 
b 
Hours 
0 
2 
4 
6 
8 
10 
0 . 10 + 0 . 02 
0 . 39 + 0 . 07 
0 . 99 + 0 . 17 
1 . 94 + 0 . 29 
2 . 94 + 0 . 62 
2 . 18 + 0 . 62 
gm. /100 ml . 
13 . 12 + o .  52 
11 . 97 + 0 . 26 
11 . 58 + 0 . 3 5  
11 . 13 + 0 . 36 
11 . 3 5  + 0 . 29 
11 . 31 ± 0 . 43 
Corn-urea 
(adapted) 
0 . 14 + 0. 03 
0 . 26 + 0 . 04 
0 . 89 + 0 . 23 
1 . 91 + 0 . 55 
1 . 92 + 0 . 81 
1 . 27 ± 0 . 72 
12 . 63 + 0 . 63 
11 . 46 + 0 . 53 
11 . 09 + 0 . 56 
10 . 56 + 0 . 48 
10 . 45 + 0 .  50 
10 . 3 7  ± 0 . 55 
aAll treatments received chopped brome hay. 
Corn-urea 
.(unadapted) 
0 . 13 + 0 . 04 
0 . 33 + 0 . 05 
0 . 92 + 0 . 15 
1 . 96' + 0 . 31 
� . 48 + 0 . 55 
1 . 48 ± 0 . 45 
13 . 21 + 0 . 19 
12 . 01 + 0 . 32  
11 . 32 + 0 . 32  
10 . 81 + 0 .31 
10 . 65 + 0 . 43 
10 . 9 5 ± 0 . 43 
bHours after administration of a single oral dose of sodium nitrate. 
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TABLE 3 . . Averag� rnethernoglobin and hemoglobin values -with standard 
errors � Experiment 3 
Corn Corn Corn-.urea Corn-urea 
Treatment a (adapted ) (unadapted ) (ada.pted) (unadapted) 
Methemoglobin , gm./100 ml. 
Hour s b 
0 0.15 + 0.02 0.17 + 0.07 0.17 + 0.03 0.14 + 0 .04 
2 0.62 + 0.42 0 . 71 + 0.22 o .  54 + 0.12 0.48 ± 0.13 
4 1.71 + 0.35 1.48 + 0 . 52 1.87 + 0.49 1.22 + 0.42 
6 2.86 + 0.57 2. 19 + 0.80 2.53 + o.65 1.39 + 0.50 
8 2.87 + 0.74 2 .82 + 1.06 2.04 + 0.72 1..22 + 0.48 
10 1.98 ± 0.70 3.02 ± 1.11 1 . 43 ± 0.53 ·1.03 ± 0.51 
Hernoglobin , . gm./100 ml. 
Hour s 
b 
0 12.22 + f
f
.81 11.11 + 0 . 91 12 . 16 + 0.61 10.01 + 0.98 
10.81 + 0.70 9 - 79 + 0.87 10.84 + 0.57 8.78 + 0.87 
10.49 + 0.70 9 . 6 5  + 0.84 10 .44 + 0.58 8.34 + 0.85 
6 10.54 + 0.69 9 . 62 + 0.86 10.61 + o. 57 8 .44 + 0.89 
8 10.61 + 0.72 9 .33 + 0 . 81 10.62 + 0.59 8 . 00 + 0.81 
10 10.55  ± 0.73 9 . 49 ± 0.85  10.21 ± 0.52 7.96 ±: 0.83 
aAll treatment s received chopped brome hay. 
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bHours after administration of a single oral dose of sodium nitrate . 
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methemoglobin formation, · but none of the differences proved to. be 
statistically significant . However, rations that incluqed · alfalfa 
hay, when considered collectively, .gave significantly {P < .05) lower 
methemoglobin values at the 8-hr. bleeding period than rations con­
taining bromegrass hay. vJhile two of the treatments {corn and corn­
urea) incorporating alfalfa hay resulted in rnethemoglobin peaks at 
6 hr • .  , sheep fed alfalfa hay plus the corn-soybean mix continued to 
rise in rnethemoglobin formation a fter the 8-hr. period. 
In experiment 2, the highest average value of _2. 94 gm. methemo­
globin per 100 ml. of blood (about 26% of the total hemoglobin) was 
reached in 8 hr. by the lambs fed ground corn plus bromegrass hay 
(control) . · The ground corn-urea concentrate mixture appeared to offer 
some protection against methemoglobin formation, but this was not 
statistically significant . Lambs fed the ground corn ration which 
was changed to the ground corn-urea mixture 2 days prior to adminis­
tration of sodium nitrate (corn-urea, unadapted) tended to have only 
slightly higher methemoglobin values than lambs fed the ground corn­
urea mixture (adapted) . 
In experiment 3, sheep receiving the ground corn (unadapted) ra­
tion had not reached peak methemoglobin values at the 8 hr. period, 
but the other groups reached methemoglobin peaks in 6 to 8 hr. While 
adaptation -to ground corn allowed the sheep to reach an earlier met­
hemoglobin peak, the magnitude of the peak was no greater than that 
for sheep recei ving _·the same ration without adaptation. While none 
of the differences were statistically significant, the ground corn-urea 
.mixture appeared to offer· some protection against methemoglobin 
formation when compared to the ground corn ration. A similar trend 
was also found in experiments 1 and 2. Sheep receiving the ground 
corn-urea ration without adaptation had lower methemoglobin values 
throughout the trial when compared with those adapted to the same 
ration. This trend was opposite of that observed in experiment 2. 
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The results from analysis of rumen juice sampled at the 6-hr. 
period are sho�m in tables 4 and 5 for experiments 1 and 2, respec­
tively. In experiment 1, there was no significant effect of soybean 
meal or urea on the pH, nitrite and nitrate values of rum.en juice at 
the 6-hr. period. However, the ammonia content of the rumen fluid 
was significantly (P < . 05) higher for the corn-soybean meal plus 
bromegrass hay, corn-urea plus bromegrass hay and corn-urea plus 
alfalfa hay treatment groups when compared to the control group (corn 
plus bromegrass hay). 
For the groups receiving alfalfa hay, when compared collectively 
with those receiving bromegrass hay, the rumen pH was significantly 
(P < . 05 )  higher and the ·nitrite content of the rumen juice was 
significantly (P < . 01) lower. Further, alfalfa hay appeared to lower 
ruminal nitrate values, but this was not significant. 
·-
In experiment 2 there were no significant diff_erences in pH, 
nitrite and- nitrate values of rumen juice at the 6-hr . period. The 
average ammonia contents of the rumen juice from sheep receiving corn 
changed to corn-urea: mix (unadapted) and the corn-urea mixture 
TABLE 4. Average rumen juice values with standard errors - Experiment l
a 
Hay Brome · Brome Brome Alfalfa 
Concentrate Corn Corn-SBM Corn-urea Corn 
pH 6 . 66 + 0.16 6.70 ± 0 . 06 6.50 ± 0.20 6 .84 ± 0.08c 
Alfalfa 
Corn-SBM 
6.85 ± O.llc 
Ammoniab 16 .08 ± 2 . 29 23.54 ± 1.42d 23 .33 ± 2. sod 19.17 ± 3 . 24 20 . 60 ± 2.40 
Nitriteb 1.87 ± 0.55  2 . 21 ± 0.73 1.93 ± 0.44 0.51 ± o.23 e 1.45 ± 0.8le . 
Nitrateb 7 . 84 ± 2 . 71 10 . 28 ± 4 . 88 5 . 37 ± 1.87 3 .86 ± 0 . 61 4.66 ± 1 . 09 
aSix hour s a.fter administration of sodium nitrate . 
bThe _values are in mg. nitrogen per 100 ml. rumen juice. 
Alfalfa 
Corn-urea 
- C 6 . 81 ± 0.10 
23.74 ± 2.14d 
· e  0.38 .:!: 0.21 
4 -45  ± o . 78 
cThe pH value s for alfalfa-fed groups, collectively, ·are significantly (P  < .05 )°  higher than 
values for groups fed brome hay. 
dsignificantly (P  < .05) higher than the value for control (brome h·ay plus corn). 
eNitrite values for alfalfa-fed groups, collectively, are significantly (P  < .01) lower than · 
values for groups fed brome hay . 
� 
00 
TABLE 5. 
Treatment 
b 
pH 
Ammoniac 
Nitrite
c 
Nitrate
c 
Average rumen juice values with standard errors _  
Experiment 2a 
Corn 
(adapted) 
6.64 ± 0 . 14 
16 . 03 .± 0. 97 
1 . 50 ± 0 . 30 
7. 40 .± 1. 56 
Corn-urea 
(adapted )  
6 . 75 ± 0. 01 
23 . 53 ± 2 . 67d 
1. 14 ± 0 . 55 
3 . 82 ± 0 . 41 
Corn-urea 
(unadapted) 
6. 75  ± 0. 91 
21 . 80 ± 2. 19d 
1.82 ± 0. 69 
3. 76 ± 0 . 59 
asix hours after administration of sodium nitrate. 
bAll treatment s received chopped brome hay . 
cThe values a.re in mg . nitrogen per 100 ml. rumen j uice. 
dSignificantly (P < . 05 ) hieher than the value for corn ( adapted) .  
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(adapted) . were significantly (P < .05) higher than the corresponding 
value for the control group. 
The correlation between ruminal nitrite val�es at the 6-hr. 
collection and methemoglobin values at the 6-hr. ble�ding were 0.34 
(experiment 1) and 0.43 (experiment 2); 8-hr. bleeding , 0.69 (experi-
. - · -
ment 1) and 0.80 (experiment 2); 10-hr. blee.ding,  0.64 (expe�ent 1) 
and 0.69 (experiment 2). The correlation between rmninal nitrate 
values at the 6-hr. collection and methemoglobin values at the 
specified times were : 6-hr. period , -0.17 (experiment 1) and 0.13 
. .  
(experiment .2); 8-hr. period, 0.09 (experiment 1) and 0.41 (experi-. 
. . 
ment 2); 10-hr. period , 0.34 (experiment 1) and 0.56 (experiment· 2) . 
. ,.-. -
Wang et al. (1961) have reported that the formation of methemoglobin 
followed the time course of nitrite formation in the rumen rather 
closely. 
These data indicate that alfalfa hay in sheep rations offers a 
significant degree of protection against the methemoglobinemia of 
nitrate toxicity. The protection afforded by al.falfa hay in these 
studies appeared to be manifested through a reduction of nitrite 
accumulation in the rumen . Although increased dietary crude protein 
levels from soybean meal or urea failed to offer a significant degree 
of protection against nitrate toxicity , treatments incorporating these 
nitrogenous ·materials resulted in a trend toward lower methemoglobin 
values in each of the three experiments. The failure of soybean meal 
or urea to elicit a prote�tive response of .the same magnitude as the 
protection provided by alfalfa hay indicates that the effect of the 
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latter was due o�ly in p� , if at all , to the increase in dietary 
crude protein. The soybean meal and urea contributed di�tary- -crude 
protein comparable to the increase provided by a.1£alfa hay and re­
sulted in comparable rumirial annnonia values. 
These results pertaining to the effect of nit·rogenous feeds on 
nitrate toxicity differ from those obtained in a single experiment 
by Enerick et a l .  (1965) but tend to support the previous conclusion --
of Crawford (1960), that soybean meal when compared to corn offers 
more protection against nitrate toxicity in ruminants . 
Neither adaptation nor the lack of adaptation of lambs to urea 
in the ration had any consistent eftect on their response to an 
oral dosage -of sodium nitrate in two experiments . 
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II . EFFECT OF. �EA ON SUSCEPTIBILITY OF SHEEP TO NITRATE TOXICITY 
UNDER A RfilIMEN OF CONTINUOUS NITRATE FEEDING 
With the addition of nitrate to several types of rations ,  animal 
responses have va ried . As reported in the literature review, the 
feeding of sublethal levels of nitrate under some. conditions has re­
duced feedlot performance of ruminants .  - However , in other instances 
nitrate appeared to be utilized as  a partial source of nitrogen when 
used in an  adequate ration . Data concerning the effect of urea on 
the response of sheep to sublethal levels of nitrate under a regimen 
of continuous nitrate feeding , and the extent to which nitrate may 
serve as  a source of crude protein under these conditions are lacking . 
These experiments were conducted to study the following : 
1 .  Urea-nitrate interrelationships concerning feedlot performance and 
rnethemoglobinemia in sheep when nitrate is introduced into the 
rations before the animals are on full feed . 
2 .  Urea-nitrate interrelationships concerning feedlot performance 
and methemoglobinemia in sheep when nitrate is introduced after 
the animals are on full feed . 
3 . Utilization of nitrate and urea as  sources of protein for sheep . 
EegJeriment !±.. • 
Procedures 
Eighty ewe and wether lambs previously drenched with thiabendazole 
(for treatment of stoma.ch and intestinal worms ) and vaccinated against 
overeating· disease , were tllotted on the basis of sex, weight and 
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source into 8 lots of 10 .lambs each for 4 replicated treatments. They· 
were implanted with 3 mg . diethystilbestrol at the beginning of the 
experiment . The rations were as follows : 
Treatment 1. Basal ration plus _urea. 
Treatment 2. Basal ration plus urea and sodium nitrate . 
Treatment 3. Basal ration plus soybean meal. 
Treatment 4 .  Basal ration pfus soybean meal and sodium nitrate. 
The basal ration consisted of 3 parts corn silage (67. 7% mois­
ture) on a wet basis to 1 part of rolled shelled corn. 
The protein supplements and sodium nitrate were administered in 
the concentrate portion of the rations . Feed grade urea (262% protein 
equivalent urea) was added at a level of 2% to the concentrate mix­
tures resulting in about 1% urea in the total air-dry ration. This 
gave a ration containing 10. 8% crude protein on_ · a 12% moisture basis . 
Soybean meal was used to furnish an equivalent amount of protein in 
control rations . Concentrates to which nitrate was added contained 
5% sodium nitrate, thus resulting in a level of 2. 5% sodium nitrate 
in the tota l air-dry ration . Sodium nitrate was replaced by sodium 
chloride in the control rations. All concentrate .mixes contained 44 
gm. of chlortetracycline and 4400 I .  U. of vitamin A per kg . Trace 
mineral salt and dicalciurn phosphate were available ad libiturn in 
separate containers . 
The rations were fed once daily. The lambs were started on feed 
at a level of 900 gm· . per head daily of the appropriate ration. This 
was increased 180 gm .  per head daily while maintaining the ratio of 
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- 3 parts of corn silage to· l part of concentrates in the ration. 
This rate of increase in feed was maintained until the lambs were on 
full feed after about 2 weeks. · Thereafter, they were fed in amounts 
that would be almost completely consumed by the next feeding. 
Blood samples were obtained from the j ugular vein of all lambs 
21 days after the beginning of the experiment· and from one replicate 
at the termination of the experiment. These were analyzed for total 
hemoglobin and methemoglobin by the method of Evelyn and Malloy (1938). 
Some losses occurred and the weight gain data were calculated 
only for lambs completing the trial . Feed consumption data were 
adjusted by subtracting an average value for each lamb removed . 
Analysis of variance was applied to the data. 
Experiment .2. . 
Ninety-six ewe lambs, previously drenched with thiabendazole and 
vaccinated against overeating disease, were allotted on basis of 
weight into 8 lots of 12 lambs each. Four replicated treatments, the 
same as for experiment 4 ,  were used in this experiment. 
The same general procedures were followed as in experiment 4 with 
a few exceptions . The lambs did not receive diethylstilbestrol. The 
urea source was 281% protein equivalent urea instead of 262% as in 
experiment 4 . However, it was included at a level of 1. 86% of the 
concentrate mixture to furnish the same amount of crude protein from 
urea as in the previous experiment . The average protein content of 
the control rations was 10.6% on a 12% moisture basis . Soybean meal, 
when used, furnished crude protein in an amount equivalent to that 
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provided by urea . - �n this experiment, the lambs were fed the experi­
mental rations without added ·sodiu� nitrate for a period of 2 weeks 
while being brought to appro.x:imately a full feed. · 1n experiment 4, 
the av�rage daily feed consumption was low during the first 2 weeks 
before the lambs were on .full feed, and it was thought that the in­
crease in crude protein contributed by the added sodium nitrate may 
have been responsible for the higher weight gains made by lambs re­
ceiving nitrate during that period. Therefore , to overcome these 
differences in experiment 5 ,  the lambs were brought to full feed before 
sodimn nitrate was introduced. At the end of a 2�week period , the 
number of lambs per lot was adjusted to ll, and sodium nitrate was 
added at a level of 5% to the concentrate portion of the rations,  thus 
resulting in 2 . 5% sodium nitrate in the total air-dry ration. The 
level of feed intake at this time was 1.0 kg., on an air-dry basis,  
per head daily. Thereafter, they were fed in amounts that would be 
almost completely consumed by the next feeding. 
Blood samples were obtained for hemoglobin and methemoglobin 
determinations 1 ,  2, 3 ,  4, 7 ,  23 and 53 days after initiation of 
nitrate feeding. The lambs not fed sodium nitrate were also bled on 
all occasions except on the second day. However, the analyses were 
performed on the blood from these lambs only on days 1, 7, 23 and 53 . 
Carcass data were obtained at slaughter after 109 days on experim,ent. 
.Experiment 6 .  
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Ninety-six ewe lambs, previously vaccinat'ed against . overeating · 
disease, were allotted on basis of weight into 8 lots of 12 lambs 
each for 4 replicated treatm _ents . ·The treatments were as· follows : 
Treatment 1 .  Basal ration . 
Treatment 2 .  Basal ration plus sodium nitrate. · 
Treatment 3 .  Basal ration plus urea . 
Treatment 4 .  Basal ration plus soybean meal . 
The basal ration consisted of 3 parts of corn silage (65 . 4% 
moisture) on a wet basis to 1 part of ground corn grain . The basal 
ration had 8 . 04% protein on a 12% m�isture basis which is below the 
10 . 0% protein recormnended by N .R . C .  (1964) for fattening lambs at 
this weight . Sodium nitrate, urea and soybean meal were added at 
equal nitrogen levels to the concentrate portion of the respective 
rations to provide an equivalent of 1 . 5% crude protein in the total 
air-dry rations . Levels used were as follows : sodium nitrate, 2 . 90%; 
urea {281% protein equivalent urea"),  1 . 06% and soybean meal, 6 . 86% of 
the concentrate portion of the rations . This resulted in 1. 45% sodium 
nitrate, 0 . 53% urea or 3.43% soybean meal in the total air-dry rations . 
Sulfur in the form of sodium sulfate was added to the control, 
nitrate and urea rations to equalize the calculated amount of sulfur 
in the soybean meal ration . Sodium chloride was added to the control, 
soybean meal and urea rations in amounts equivalent to the sodium 
content of the nitrate ration . Trace mineral salt and dicalcium 
phosphate were available ad libitum in ·separate containers . 
All concentrate mixtures . contained 4 . 4  mg. _ diethystilbesterol and 
4400 I .  U. of vitamin A per kg. 
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The rations were fed once daily. The lambs · were fed a ground 
corn and corn silage ration for a 2-week . preliminary period. With 
the introduction of the experimental rations, the lambs were started 
out at 1. 0 kg. , on an air-dry basis, per head daily. Thereafter, 
they were fed in amounts that would be almost completely consumed by 
the next feeding . 
Blood samples were obtained from all lambs 2 a_nd 21 days after 
the beginning of the experiment . and analyzed for total hemoglobin and 
methemoglobin. Carcass data were obtained at slaughter after 90 days 
on experiment. 
Some losses occurred and the weight gain data. were calculated 
only for the lambs completing the trial. Feed consumption was adjusted 
by subtracting an average value for each lamb removed. Differences 
between control (basal ration) and the other rations were tested using 
Dunnett • s  test (Steel a nd Torrie, 1960). Analysis of variance was 
also det�rmined on the data . 
Results and discussion 
The results of experiment 4 are presented in table 6. The lambs 
fed corn-corn silage rations with 1% urea, air-dry basis, gained at a 
lower rate than those fed rations with an equivalent amount of protein 
from soybean meal. wben sodium nitrate was included in the rations · 
( 2 . 5% air-dry basis) , the rate of gain appeared to be reduced slightly . 
-TABLE 6. Effects- of urea· and nitrate on lamb performance -
Experiment 4 - 82 days 
Sorbean meal 
Item Control l'_JaNOJ 
Control 
No. of lambs 19 18 20 
Av . initial wt ., kg. 34. 5 33.8 34.1 
Av . final wt . , kg . 46.8 4 5. 2  44.0 
Av. daily gain , kg. 0. 149 0. 139 0.120 
Av. daily feed consumed, kg .a 
Corn silage 0. 68 0. 72 0. 64 
Concentrate mix 0.6 5  0. 69 0. 60. 
Total 1.33 1.41  1. 24 
Feed efficiency , kg . /kg . . a gain 
Corn silage 4. 58 5. 15  5. 28 
Concentrate mix 4.38 4 - 94 5.03 
Tot,al 8. 96 10.09 10.31 
Av. Hemoglobin, gm. /100 ml. 
21 days 14. 12 13. 54 13 . 99 
81 days 13.33 13. 93 13. 56 
Av. methemoglobin, gm. /100 nil. 
21 days 0. 11 0. 16 0.15 
81 days 0. 50 0. 40 0.43 
aOn a 12% moisture basis. 
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Urea 
·Na.N03 
19 
34.8 
43.9 
0. 116 
o. 66 
0. 63 
1. 29 
5.71 
5.49 
11. 20 
13. 66 
13.85 
0. 21 
0.48 
- However, gains of. lambs fed rations with soybean meal and sodium 
nitrate exceeded the gains of those fed urea at the level used in 
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the exper:iment . None of these . results were stat�stically significant. 
During the first 2 weeks of the experiment while the lambs were 
brought to full feed, the lambs fed rations with sodium nitrate gained 
faster than those fed rations without nitrate·, but this trend was 
reversed after this time . After the initial 2-week period, all ave·r­
age gains were higher than the overall averages shown in table 6, and 
differences between rations with and without sodium nitrate were 
slightly greater . During the first 2 weeks, the average daily feed 
consumption was low and total protein intake was less than that 
recommended · by the N .R . C .  (1964) . The additional 21 gm. crude protein 
per lamb daily supplied by nitrate during this time may have been a 
factor in the higher rates of gain during the initial phase of the 
trial for lambs fed rations with added sodium· nitrate. 
Feed consumption and feed efficiency were slightly greater with 
rations which contained soybean m�al. The lambs fed rations with 
sodium nitrate consumed as much or slightly more feed than those 
which did not ·receive the added nitrate, and feed requirements tended 
to be higher when sodium nitrate was fed. 
Methemoglobin values were low, with no important differences be­
tween treatments at 21 and 81 days on the experiment. Apparently .the 
level of sodium nitrate used in th
.
is experiment did not result in any 
change in methemoglobin values at these times or result in any visible 
signs of nitrate toxicity . 
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The results .of experiment 5 are presented in table 7 .  The 
weight gain data are similar to experiment 4 in . that lambs fed urea 
gained at a lower rate than those fed soybean meal. Although not 
statistically significant, sodium nitrate· again reduced rate of gain 
with soybean meal but had only a slight effect in rations with urea. 
The levels of urea and sodium nitrate fed appeared to reduce 
feed consumption. The combination of urea and sodium nitrate did not -
reduce feed consumption over either one alone . This reduction in 
feed consumption was accompanied by higher feed requirements per unit 
of weight gain . The lambs making the lower rates of gain tended to 
rate slightly lower in amount of marbling , carcass grade and dressing 
percent. 
· Only on the second day after sodium nitrate was added at 2.5% 
I 
of the air-dry ration (22. 7 gm. ' per head daily initially) was any 
appreciable amount of methemoglobin found in the blood. Of the lambs 
fed nitrate, those a.lso fed urea had a smaller average increase than 
those fed soybean meal. Methemoglobin values had declined to low 
levels by the third day following nitrate supplementation and remained 
at low levels . at all other bleedings . No other visible signs of 
nitrate toxicity were observed with the level of sodium nitrate fed. 
The results of experiment 4 and 5 partially agree with results 
reported by Hatfield and Smith (1963).  They reported that lambs fed 
soybean meal (11. 2%) gained more weight than lambs fed urea supplying 
an equal amount of nitrogen and that nitrate reduced gains in lambs 
fed soybean meal . They also reported that nitrate increased gains in 
5i 
·TABLE 7. Effects · of urea and nitrate on lamb performance· -
Experiment 5 - 109 days 
Soybean meal 
Item Control NaN03 
No. of lambs 
Av. initial wt • , kg . 
Av. final wt . ,  kg . 
Av. daily gain, kg . 
Av. daily feed consumed, kg. a 
20 
30. 0 
44 - 5 
0. 148 
Corn silage 0. 75 
Concentrate mix 0. 64 
Total 1. 39 
Feed efficiency , kg . /kg . gaina 
Corn silage 5.09 
Concentrate mix 4 . 33 
Total 9.42 
Marbling
b 
C Carcass grade 
Dressing percent 
5. 4 
11. 7 
50. 7 
Av . hemoglobin , gm . /100 ml . 
1 day 11. 4 
2 days 
3 days 
4 days 
7 days 
23 days 
53 days 
11.0 
12. 2 
13 . 5  
Av. methemoglobin, 
1 day 
gm . /100 ml. 
0.02 
2 days 
3 days 
4 days 
7 days 
23 day s 
53 days 
aon a 12% moisture basi s 
bcode : Small -5 , moderate -6 
0 . 10 
0 . 15 
0 .10 
cCode : Good -8, choice �11 , prime -14 
21 
28. 6 
42. n 
0. 125 
0 . 67 
0. 57 
1 . 24 
5.37 
4 . 54 
9.91 
5. 2 
11.4 
50. 5 
11. 6 
11. 2 
11.3 
11.3 
11. 1 
13. 1  
13. 6  
0.25 
3. 03 
0.52 
0. 34 
0 .27 
0. 34  
0 . 50 
Urea 
Control NaN03 
21 
29. 6 
41. 8 
0. 123 
0. 68 
0 . 58 
1 . 26 
5.53 
4 - 74 
10. 27 
5.3 
11. 6 
50.3 
11. 7 
11. 1 
12.0 
13 . 6  
0 . 16 
0 . 12 
0. 07 
0. 12 
21 
29. 6 
41.2 
0. 120 
0. 69 
0. 57 
1.26 
5. 76 
4.80 
10. 56 
5. 1 
10.9 
48. 9 
10.5 
10.5 
10. 1 
10.0 
10 . 4  
12 . 3  
13.1  
0.50 
1.33 
0. 73 
0. 21 
0. 15 
0.35 
0.38 
lambs fed urea , but our results disagree from this standpoint. · In 
both experiments , feed consumption was slightly greater with rations 
which contained soybean meal , and the addition of ·sodium nitrate to 
_ the rations appeared to have .little effect on feed consumption. 
Weichenthal et al. (1963 ) reported that 1% sodium nitrate reduced 
average daily gains and feed consumption in cattle fed a ration of 
80% ground shelled corn and 20% ground alfalfa hay . On the other 
hand , daily gain and feed consumption were not significantly - influ­
enced by 0. 6 - 1. 2% calcium nitrate in the diet 0£ heifers {Wallace 
et al . ,  1964 ) or by 2. 5 to 3 .0% sodium nitrate in the diet of lambs 
(Goodrich et al. , 1964). 
The results of experiment 6 are shown in table 8. The lambs fed 
the control ration (ground corn and corn sllage -- protein deficient), 
gained at a lower rate than lambs on the other three rations, but the 
difference was not statistically significant. Urea , soybean meal or 
sodium nitrate added to the low protein ration at equal nitrogen 
levels each improved weight gains , feed consumption and feed effi­
ciency with no differences being observed between the three sources. 
Increases in weight gain or feed consumption attributed to the nitrog­
enous feeds were not statistically significant. However, when com­
pared with the control (low protein) group, the feed required per kg. 
of gain was significantly (P < .05) lower for the groups fed the urea 
and sodium nitrate rations. 
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TABLE 8. Effects .  of equal .nitrogen levels from urea, soybean meal and · 
sodium nitrate on lamb performance - Experiment 6 - 90 days 
Item Control 
No . of lambs 24 
Av. initial wt. , kg. 32. 9 
Av. final v-.t • , kg. 44. 2 
Av. daily gain , kg. 0. 125 
. Av. daily feed consumed, kg. a 
Corn silage 0. 60 
Concentrate mix 0. 56 
Total 1. 16 
Feed efficiency, kg. /kg. . a gain 
Corn silage 4. 86 
Concentrate mix 4. 48 
Total 9. 34 
Marbling 
b 
5. 1 
- Carcass gradec 11. 0 
Dressing percent 49. 0 
Av. Hemoglobin, grn. /100 ml. 
2 days 11. 99 
21 days 12. 79 
Av. Methemoglobin, gm. /100 ml. 
2 days · 0. 06 
21 days 0. 12 
aOn a 12% moisture basis 
bcode : Small -5, moderate -6 
C 
Code : Good -8, choice -11, prime -14 
Soybean 
Urea meal. 
20 22 
33. 0 33. 0 
46. 7 47.2 
0. 152 0 . 155 
0. 64 0. 68 
0 . 60 0. 62 
1 . 24 1.30 
4.21 4. 40 
3. 9
9d 
4. 02 
8.20 8. 42 
5 . 2  5. 4 
10 . 8  11. 1 
46. 8 48.2 
12.84 11.49 
13. 13 12.99 
0. 06 0. 04 
0 . 07 0. 06 
dsignificantly (P < .05 )  lower than the value for the control 
Sodium 
nitrate 
24 
33. 1 
46. 8 
0. 152 
0. 63 
0.57 
1.20 
4. 16 
3. 76
d 7.92 
5. 0 
10. 7 
48. 4 
12. 43 
12. 79 
0. 07 
0. 10 
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Methemoglobin values ·were low and there were no • important differ­
ences between treatments at 2 and 21 days on the trial. Further, 
there were no significant diff e·rences found in the carcas_s data. 
The similarity in the utilization of soybean meal, urea and 
nitrate in this experiment differs from the trend established in the 
previous two experiments. The experiments differed in that rations 
used in experiment 6 had a lower level of total crude protein, a lower 
level of urea and sulfur additions with the urea and sodium nitrate 
rations . How these variations may have influenced the results has 
not been determined . Sokolowski et al. (1961)  and Thomas et al. (1951) 
reported that the addition of inorganic sulfur in the ration appears 
to increase 'the utilization of non-protein nitrogen by the growing­
fattening lamb . 
It would appear from these results that the nitrogen from either 
urea or sodium nitrate was utilized as efficiently as the nitrogen 
from soybean meal . These results agree with those of Sokolowski et al. 
(1960, 1961) who reported that nitrate nitrogen is utilized in a manner 
similar to  other forms of non-protein nitrogen when incorporated in a 
complete ration for growing-fattening lambs . Clark and Quin (1951) 
reported that nitrates can safely and advantageously be substituted 
for urea as a partial source of nitrogen provided sufficient sugar is 
given. 
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Summary 
Six experiments were conducted to study interrelation·ships between 
nitrate and other sources of dietary nitrogen in ruminant rations. 
The first three experiments were designed ·to detennine the effect of 
nitrogenous feeds on su sceptibility of sheep to nitrate toxicity in­
duced by a single oral dose of sodium nitrate · (0.5 gm. NaN03 per kg. 
body weight). Criteria. involved blood methemoglobin (experiments 1, 
2 and 3) and ruminal nitrate, ni trite and ammonia levels (experiments 
1 and 2). Adaptation periods, when allowed, usually involved 3 to 4 
weeks. Experiment 1 utilized 42 lambs in a 2x3 factorial design in­
volving 2 roughage sources (bromegrass and alfalfa hay) and 3 concen­
trate mixes ·(corn grain, corn plus 20% soybean meal and corn plus 2 . 8% 
urea-262) . An adaptation period was allowed for all treatments. Ex­
periment 2 utilized 24 lambs with 3 treatments consisting of basal, 
basal plus urea (adapted) and basal plus urea (unadapted) . The basal 
ration consisted of bromegrass hay and ground corn grain. Experiment 
3 utilized 48 ewe lambs with 4 treatments consisting of corn grain 
(adapted) ,  corn (unadapted), corn-urea {adapted) and corn-urea (un­
adapted). The roughage source was bromegrass  hay . 
In most instances ,  average peak methemoglobin values were reached 
6 to 8 hr. after nitrate administration. At �he 8-hr. period in ex­
periment 1 the groups fed bromegrass hay had averages of 3 . 78 gm. 
methemoglobin per 100 ml. of blood while the groups fed alfalfa hay 
had 2.31  gm .  vlhen compare� with sheep fed bromegrass hay a s  a source 
of roughage , those fed alfalfa hay had significantly lower 
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.methemoglobin values • .  Groups fed alfalfa hay also tended to have 
higher ruminal pH values and ·lower nuninal nitrate and nitrite con­
tents .  Sheep fed other nitrogenous . feeds, soybean meal or urea, 
tended to have lower methemoglobin levels . but the differences were 
not significant . 'lbe ammonia content of rumen ingesta tended to be 
higher when urea was fed. The adaptation of the lambs to corn or 
urea did not appear to have any effect on the degree of methemo­
globinemia resulting from a single oral dose of sodium nitrate. 
Positive correlations in the range of 0. 69-0 . 80 were obtained between 
nuninal nitrite levels at 6 hr. and methemoglobin levels at the 8-hr. 
bleeding period. 
Experiments 4, 5 and 6 were designed to study the response of 
lambs to rations containing urea and nitrate. Experiment 4 (80 lambs) 
and experiment 5 (96 lambs) involved a 2x2 factorial design with 2 
levels of urea-262 (0 and 1%, or its equivalent as  urea-281, of the 
air-dry ration) and 2 levels of sodium nitrate (0 and 2.5%). In ex­
periment 4 sodium nitrate was added to the ration initially while in 
experiment 5 the lambs were on full feed when the nitrate was intro­
duced. The b�sal ration, containing 10. 6-10.8% crude protein, was · 
composed of 3 parts corn silage (wet basis) and 1 part of corn grain 
and supplements. Urea, when used , replaced soybean meal on a crude­
protein basi� and sodium chloride was added to equalize the salt con­
tent of sodium nitrate rations. 
The lambs fed the control ration ( soybean meal) gained 0.148 
kg./day, had an average daily feed consumption of 1.36 kg. and 
required 9 . 19 kg. of feed per kg. of gain. The level of urea used 
in experiments 4 and 5 resulted in reduced feed · consumption, lower 
weight gains and higher feed requirements than lambs fed soybean 
meal . Sodium nitrate added to a ration containing soybean . meal 
appeared to reduce weight gains , but it had only a slight effect in 
rations conta.ining urea. However, gains of lambs fed rations with 
5T 
urea were already below those of lambs fed soybean meal. The effects 
of urea and sodium nitrate did not appear to be additive. In ex­
periment 5 ,  the level of sodium nitrate fed resulted in a temporary 
rise in methemoglobin on the second day, and values had declined to 
low levels by the third day following nitrate administration. The 
transient rise in methemoglobin was less pronounced in the presence 
of urea. 
In experiment 6 (96 ewe lambs) the basal ration contained 8% 
crude protein on an air-dry basis. Soybean meal, urea-281 and sodium 
nitrate were each used to provide rations containing an additional 
1. 5% crude protein in the air-dry ration. Average daily gain for the 
control groups was 0. 125 kg. , while the three crude protein supple­
ments gave average daily weight gains from 0. 152 to 0. 155  kg. These 
three sources of crude protein also improved feed consumption and 
feed efficiency with no differences between sources being observed. 
In this experiment, methemoglobin ·values were low for all treatments . 
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